Abstract: Nutritional quality and functional properties of composite flour consisting amaranth grain, bambara groundnut, carrot and rice bran flours were evaluated. The dependent variables were optimized using optimal mixture model of response surface methodology. Amaranth grain flour (70 -80.75%), bambara groundnut flour (15-25%), carrot flour (2-5%) and rice bran (2-10%) were the independent variables. From the results, very high protein content (about 40%) was obtained when the bambara content inclusion was 25%. Bambara groundnut flour inclusion up to 15% also resulted in high protein contents (≤ 37%). Supplementation of the composite flour with high carrot flour content (up to 10%) also enhanced the protein content when the bambara groundnut content was low. High carrot flour inclusion had the highest positive effect on the crude fibre content (3.7-3.9%) followed by rice bran and bambara groundnut flours in that order. Bambara groundnut had highest positive effect on the ash content; followed by carrot and rice flours. While amaranth grain, carrot and rice bran significantly (p≤0.05) affect the proximate and functional compositions, bambara groundnut had the highest and best effect on the proximate, functional, mineral properties as well as the amino acid profile of the composite flour.
INTRODUCTION
Legumes play important roles in human diet; it has high protein content and beneficial nutritional values (Klupšaitė and Juodeikienė, 2015) They provide well balanced essential amino acid profiles (lysine, leucine, aspartic acid, glutamic acid and arginine) when consumed with cereals which are rich in sulphur-containing amino acids and tryptophan (Joyce, et al., 2010) . In addition, legumes provide energy, dietary fibre, protein, minerals and vitamins required for human (Klupšaitė and Juodeikienė, 2015) . Pulse proteins enhance some functional properties such as solubility index, water and oil absorption capacity and foaming stability of food products, thus increasing its application in baked and extruded ready-to-eat snacks production (Klupšaitė and Juodeikienė, 2015; Joyce, et al., 2010) . Bambara groundnut is a legume rich in iron and calcium in addition to protein, lysine and methionine (Elegbede, 1998) .
Amaranth is an under-utilized pseudo-cereal. It has high protein content (130-206 g/kg) with high lysine (49-61 g/kg protein) content and about 45% sulphur containing amino acids (methionine and cysteine). In addition, amaranth has high fat content (30-80 g/kg), ash (25-44 g/kg) and iron (72-174 mg/kg) making it a suitable composite flours component for the production of snacks (Bodroža-Solarov et al., 2008) . Carrots are rich sources of vitamin B complex, β-carotene, dietary fibre, minerals (calcium, potassium and phosphorus) in addition to high carbohydrate content making it a source of energy (Singh et al., 2006) . Consumption of carrot is increasing due to its antioxidant and anticancer properties. Carrot pomace, a byproduct of carrot juice processing is being utilized in the development of baking products (Kumar et al., 2010) . Rice bran obtained during rice processing and previously considered a waste is being increasingly utilized as a result of discoveries that rice bran contains bulk of nutrients making 44 on the nutritional quality and functional properties of amaranth grain-based composite flour it a source of low cost nutrient when processed for human consumption. In addition, rice flour contains dietary fibre (27%) which has been found to be beneficial in prevention of cardiovascular disease, diabetes, diverticulosis and colon cancer. It also has laxative and cholesterol-lowering ability. During this study composite flour from bambara groundnut flour supplemented with amaranth grain, carrot flour and rice bran is developed. The study aims to optimise the chemical composition and functional properties of the composite flour. The optimisation was meant to scientifically and statistically arrive at the best blend combination that is rich in protein, crude fibre, minerals and amino acid; which can be adopted for development of new and nutritionally rich baked products.
MATERIALS AND METHODS

Materials:
Amaranth grain (Amaranthus cruentus), Bambara groundnut (Vigna subterranean L), Carrot (Daucus carota) were purchased from Oja Oba, Akure, Nigeria. Rice bran was obtained from rice mills in IgbemoEkiti. All chemicals were of analytical grade.
Experimental design:
The experimental design was carried out using optimal model design of Response Surface Methodology (Design expert 8.0.3.1 trial version).
The independent variables were amaranth grain flour (70-80.76 g/100g), bambara groundnut flour (15-25 g/100g), carrot flour (2-5 g/100g) and rice bran flour (2-10 g/100g). This generated 20 experimental runs.
Preparation of amaranth flour:
Clean amaranth grains (1 Kg) were milled using an attrition mill and sieved in order to obtain fine flour (less than 500 μm). The amaranth grain flour was sealed in a polythene bag and stored at room temperature (Mburu et al., 2012 (Modified) ).
Preparation of bambara groundnut flour:
Modified method of Nwosu (2013) was used. Bambara groundnuts were manually sorted to remove stones, defective seeds and extraneous materials. It was then soaked in boiled water for 30 min, manually dehulled, oven dried at 65 o C for 10 h. It was then milled using attrition mill into flour, sieved to a particle size of 0.25 mm. The milled sample was packed in a sealed polyethylene bag and stored at room temperature.
Preparation of carrot flour: Method of Hedren et al., (2002) was used. Fresh carrots were thoroughly washed and extraneous materials removed. Carrot juice was extracted; the pomace was collected for further use. The pomace was oven-dried at 60 o C until the moisture content of the sample was reduced to 5+1% (wet basis). The material was milled, sieved using a 2 mm size sieve, and the flour stored in polythene bag at room temperature.
Preparation of rice bran flour:
The method of Ramezanzadeh et al., (2000) was used. The rice bran was thermally treated in order to inactivate endogenous lipases and then stabilized using a microwave oven. The moisture content of raw rice bran was adjusted to 21% before treatment. About 100 g of rice bran was packed in a microwave-safe polyethylene bag, subjected to microwave heating at 120 ºC for 3 min, cooled at room temperature and milled into fine flour.
Determination of protein content:
Kjeldahl method was used in determining the protein content. Exactly 0.25 g of sample was weighed into digestion, digested using 4 ml each of H2SO4 and H2O2 at 375 o C, thoroughly mixed for about 2 h until digestion was completed (indicated by a blue-green coloration). About 1 ml of the digest was pipetted into 25 ml volumetric flask, 3 drops each of polyvinyl alcohol solution and mineral stabilizer were added and made up to the 25 ml mark with distilled water. Exactly 1 ml of Nessler reagent was added till the appearance of pink colour. Nitrogen concentration was spectrophotometrically obtained at 460 nm (AOAC, 2005) . Percentage nitrogen was calculated using Eq. (1) while the crude protein was calculated using Eq. (2) ( Table 1) .
Determination of crude fibre: Sample was defatted with hexane in Soxhlet refluxing apparatus. Composite flour sample (1 g) was weighed into 500 ml beaker TCA reagent (100 ml) was added, boiled and refluxed for 40 min from the time boiling started. The digest was filtered and the residue washed six times with hot distilled water. The residue was transferred into a porcelain crucible; oven-dried at 100 o C, weighed (A), ashed in a muffle furnace at 600 o C for 6 h, cooled, and re-weighed (B) (AOAC, 2005). Crude fibre was calculated using Eq. (3) ( Table 1) .
Determination of ash content:
The sample was measured into an empty porcelain crucible which was already ignited and weighed. The crucible was placed in a furnace and maintained at a temperature of 600 o C for 6 h. The crucible was transferred directly to a desiccator, cooled and weighed (AOAC, 2005). The ash content was calculated using Eq. (4) ( Table 1) .
Determination of moisture content: Exactly 5 g of sample was weighed into a clean, dried crucible. The crucible with the sample was placed in an oven, dried at 105 O C for 16-18 h until constant weight was obtained. It was later cooled in a desiccator and re-weighed (AOAC, 2005). The moisture content was calculated using Eq. (5), where: A-Weight (g) of crucible, lid and sample before drying; B-Weight (g) of crucible, lid and sample after drying; C-Weight (g) of crucible and lid
Determination of bulk density (BD):
Method of Maninder et al., (2007) was used. Flour samples (50 g) were weighed into 100 ml graduated cylinders. The bottom of each cylinder was tapped gently on a laboratory bench 10 times until diminution of the sample level ceases. Bulk density was calculated using Eq. (6) ( Table 1) .
Determination of Water and oil absorption capacities (WAC and OAC):
Water and oil absorption capacities were measured using AOAC (2005) method, and expressed as grams of water or oil bound per gram of the sample.
Determination of least gelation:
Method of Coffman and Garcia (1977) was used. The samples (2 g) were suspended in 100 ml distilled water. Then, 10 ml of each dispersed was transferred into a test tube, heated in a boiling water bath for 1 h, rapidly cooled in a cold water bath and further cooled at 4 o C for 2 h. The concentration at which the sample will not slip in an inverted test tube is the least gel concentration (LG) of the sample.
Determination of swelling capacity: Method of Abbey and Ibeh (1988) was used. The sample (1 g) was weighed into a clean dry measuring cylinder and the volume recorded. About 5 ml of distilled water was later added, and left to stand for 1 h. The new volume was then recorded. The ratio of the swollen volume to the ordinary volume of a unit weight of the sample was calculated as the least gelation.
Determination of minerals:
The mineral composition of the flour samples were determined using AOAC (2005) methods. Sodium and potassium were determined using flame photometry method while calcium, iron and zinc were determined using atomic absorption spectrophotometry (SOLAR 929 Unicam A.A. Spectrophotometer, UK)
Determination of amino acid profile: The sample was hydrolysed using 6 N HCl at 110 o C for 24 h in a vial vacuum and N2 atmosphere. Excess acid was evaporated under reduced pressure while the amino acids were spectrophotometrically identified at 570 nm. 
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on the nutritional quality and functional properties of amaranth grain-based composite flour The crude fibre content ranged from 1.55 to 3.981 g/100g. Carrot had highest contribution to the crude fibre followed by bambara groundnut (Figures 1c, d ). This implies that pulses need to be reinforced with a fibre source in order to produce composite flour high in fibre content and sufficient to meet recommended daily requirement (Awolu et al., 2015) . The recommended crude fibre content in flours is less than 5 g/ 100 g (Omoba et al., 2013) . High fibre content has been reported to be advantageous for those with gastro intestinal disorder and cardiovascular diseases (Aman et al., 1994) . It has also been reported to enhance the farinograph constituency in flour (Iancu and Jâşcanu, 2003) . 
RESULTS AND DISCUSSIONS
Functional Properties of composite flour
The WAC of the flour ranged from 1.90 to 3.048 g/g. Carrot flour and amaranth flour had better effect on the WAC (Figures 2a, b The bulk density (BD) ranged from 0.717 to 0.914 g/cm 3 . High bulk density is desirable for greater ease of dispensability and reduction of paste thickness (Amadikwa, 2012). The model terms (AB, AC and CD) were significant (P≤0.05). The R 2 and adjusted R 2 were 0.8495 and 0.7140 respectively. The final equation representing the interaction of bulk density with the variables is shown by Eq. (14) . The swelling capacity ranged from 0.896 g/mg to 1.493g/mg. Bambara groundnut and amaranth grain flours had the highest contribution towards the swelling capacity (Figures 2f, g ). Swelling power had been related to their protein content (Woolfe, 1992 
Result of optimization
The two best blends based on the optimization of proximate composition and functional properties were run 4 (70% Amaranth, 20.5% bambara groundnut, 3.5% rice bran, 6% carrot) and run 6 (70.7% Amaranth, 25.0% bambara groundnut, 2.2% rice bran, 2.05% carrot).
Mineral composition of composite flour
The results of the mineral composition of the optimised composite flour are presented in Table 2 . Run 6 with higher bambara groundnut content had the overall better mineral composition in zinc, iron, calcium, sodium, potassium and phosphorus. The result clearly showed that pulses enhance mineral composition of composite flours. This is an advantage over the use of 100% wheat flour (which had less mineral composition compared to pulses-enriched composite flours). Bambara groundnut, and soybean had been found to improve mineral composition of flour (Awolu and Oseyemi, 2016; Iancu and Jâşcanu, 2003) . on the nutritional quality and functional properties of amaranth grain-based composite flour 
Amino acid profile of composite flour
The amino acid contents are presented in Table  3 . The selected composite flour (run 6) is rich in lysine, histidine, valine, isoleucine, leucine, methionine, phenylalanine, threonine, and tryptophan. Leucine is the most abundant essential amino acid in the samples. The essential amino acid component is 60% while the non-essential amino acid component is 40%. This composite flour had successfully eliminated deficiency of methionine (particular to legumes) and deficiency of lysine, threonine and tryptophan (particular to cereals). 
CONCLUSIONS
Incorporation of bambara groundnut has greatly improved the nutritional quality (protein content, ash content, minerals composition and amino acid profile) and functional properties of the composite flour. Specifically, bambara groundnut flour improved the OAC, LG and SC while carrot flour improved the WAC. The optimum blends were samples with 70% Amaranth / 20.5% bambara groundnut / 3.5% rice bran / 6% carrot and 70.7% Amaranth / 25.0 bambara groundnut / 2.2% rice bran / 2.05% carrot. The blend of amaranth grain (a pseudo cereal) with bambara groundnut (legume) had successfully overcome the limiting amino acids particular to cereals (lysine, threonine, tryptohan) and legumes (methionine). In the study the values of these limiting amino acids were high (between 37.58 -135.00 mg/g)
